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The r e s i d u a l  a c t i v i t y  measurement of pion 
production near  threshold  has centered on the  
2 0 9 ~ i ( p  ,TO) 2 1 0 ~ 0  r eac t ion  wi th  add i t i ona l  e f f o r t s  
a t  observing t h e  ( p , d )  and ( p , r )  reac t ions .  
Radiochemical procedures f o r  t h e  s epa ra t ion  of 
B i ,  Po and A t  a c t i v i t i e s  have been developed. 
The r e s i d u a l  a c t i v i t y  counted i n  a l l  t h r ee  pion 
producing r eac t ions  is 2 1 0 ~ o ,  formed d i r e c t l y  o r  
from t h e  EC o r  B' decay of 210~t  and 210~i, re- 
spec t ive ly .  
Monoisotopic Bismuth is . i d e a l  f o r  a s tandard 
measurement of t h e  t o t a l  ( p , ~ )  c ros s  s e c t i o n  f o r  
a number of reasons.  These a r e :  a )  Bismuth l acks  
spec t roscopic  impur i t i e s  of h igher  Z elements (of 
those  higher i n  Z only Th and U a r e  "stable") and 
b) t h e  r e a c t  i on  products  1 ° ~ t  (a') , 1°po (TO) and 
1°gi (a+) a r e  e a s i l y  separa ted  radiochemically 
and i d e n t i f i e d  spec t roscop ica l ly  by a lpha  o r  gamma- 
ray  counting. I n i t i a l l y  we s tud ied  Po production 
from t a r g e t s  of var ious  th icknesses  (5,  25, 600 
mg/cm2) a t  proton energies  of 125, 147 and 160 
MeV and found s u b s t a n t i a l  secondary i so tope  pro- 
duction,  i n  p a r t i c u l a r  from t h e  (a,xn) r eac t ion  
those  obtained e a r l i e r  by Shaw and ~ a l y '  i n  t he  
65-125 MeV range inc luding  one da t a  poin t  above 
pion threshold  a t  150 MeV. The uncer ta in ty  i n  
our measurement is est imated t o  be about 20%. 
Thick t a r g e t  (- 100 mg/cm2) measurements of 
t h e  2 1 0 ~ o  y i e l d s  by Daly and shawl requi red  a 
s u b s t a n t i a l  reduct ion  (2 50%) due t o  secondary 
r eac t ions  i n  order  t o  ob ta in  t h e  n e t  (p,y-h~o) 
cont r ibut ion .  I n  our  measurements we used t h i n  
10-15 mg/cm2 t a r g e t s ,  thus  s u b s t a n t i a l l y  reducing 
t h e  secondary con t r ibu t ions  t o  l e s s  than  0.3 pb 
near  pion threshold .  
To i n v e s t i g a t e  t h e  2 0 9 ~ i ( p ,  a-) 1 ° ~ t  r e a c t i o n  
we have i s o l a t e d  A t  from Bi bombarded wi th  135- 
182 MeV Protons.  I n  f i g u r e  2 is shown a p l o t  of 
t he  r e l a t i v e  cross  s ec t ions  f o r  A t  i so tope  produc- 
t i o n  from 10-15 mg/cm2 t a r g e t s  a t  160 MeV proton 
energy. The y i e l d  of 211~t was observed t o  be 40 
nb i n  t he  130-183 MeV range. Clear ly  t h e  y i e l d s  
i n d i c a t e  s u b s t a n t i a l  (a,xn) secondary con t r ibu t ions  
wi th  t a r g e t  th icknesses  of 10-15 mg/cm2. Thus, a 
measurement of  t he  (p,a') c ros s  s e c t i o n  should be 
performed wi th  very t h i n  5 1 mg/cm2 t a r g e t s  i n  
from t h i c k  t a r g e t s .  order  t o  l i m i t  (a,3n) con t r ibu t ions  t o  = 1 nb. 
The r e s u l t s  of n e u t r a l  pion production from Fur ther  measurements near  pion threshold  and above 
protons on Bismuth near  threshold  a r e  shown i n  a r e  planned. 
Figure 1. The e x c i t a t i o n  funct ion  was obtained 
 e el Aviv Universi ty 
from measurements wi th  proton energies  i n  t h e  range 
1) P.J. Daly and P.F.D. Shaw, Nucl. Phys. 56 
of 62-165 MeV. These r e s u l t s  compare we l l  wi th  (1964) 322. 
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